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4. METHODS 

 

4.1 Molecular cloning 

 

4.1.1 Standard techniques for molecular cloning  

 

Agarose gel electrophoresis, restriction endonuclease digestion, ethanol precipitation, 

ligation and transformation in E.coli were performed according to Sambrook et al. 

(1989) and Ausbel et al. (1990). Plasmid purifications (Maxi and Midi-kits, Qiagen), 

DNA gel extraction (Gel extraction kit, Qiagen) and PCR-product blunt-end ligation 

(SureClone Kit, Pharmacia) were performed according to the recommendations of the 

manufacturer. Plasmid minipreps for screening of positive clones were done according 

to a “boiling prep” protocol (Holmes and Quigley, 1981). 

 

4.1.2 PCR 

 

The following components and reaction conditions were typically used in a 50 µl 

reaction volume: 

10 ng  template, plasmid DNA 

50 pmol  Forward primer 

50 pmol  Reverse primer 

0,2 mM  dNTP-mix 

5 µl    10 X Vent-buffer 

1 U    Vent polymerase 

filled up to 50 µl with H2O 
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Temperature profile: 

94 °C, 5 min. (denaturation) 

20 cycles: 

94 °C 1 min. (denaturation)  

55 °C 1 min. (primer annealing) 

72 °C 1 min. (DNA synthesis) 

72 °C 10 min. (completion of DNA synthesis) 

These conditions varied depending on the size of the PCR product (long fragments: 

more template DNA and more time for DNA synthesis) and the calculated annealing 

temperature of the primers. 

 

4.2 Construction of plasmids 

 

4.2.1 6His-Myo 9b-flag in pVL1392 

 

To construct the 6His-Myo9b-flag pVL1392 vector, the full length cDNA of rat Myo 9b 

encoding a hexa-histidine tag at the N-terminus and a flag epitope at the C- terminus 

was assembled in the pBSK vector and subcloned into the baculovirus transfer vector 

pVL 1392 using the Not I and Sma I sites (Fig.17). 

The plasmid pBSK 6his-myr5-Flag was constructed by replacing a 4,8 kb NotI/EcoRI 

fragment in plasmid pBSK myr5-Flag (Müller PhD work, 1998; plasmid n° 205) with 

the corresponding region of 6his myr5 derived from plasmid 6Hismyr5 pVL (Müller 

PhD work, 1998; plasmid n° 206). The cDNA sequence encoding 6His-myo9b-Flag was 

excised from pBSK with NotI and EcorRV and inserted into the NotI and SmaI 

restriction sites of the pVL1392 vector. 
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Fig. 17: Schematic diagram of recombinant 6XHis-myosin9b-FLAG. 

 

4.2.2 Myo 9b-head-flag in pVL1392 

 

The cDNA encoding Myo9b-head-Flag was excised from the plasmid Myo9b-head-flag 

pBSK (Müller, PhD work, 1998; plasmid n° 322) with NotI and BamHI and inserted 

into the corresponding restriction sites of pVL 1392. 

 

4.2.3 Calmodulin in pVL1392 

 

The calmodulin cDNA sequence was excised from the plasmid calmodulin pUC18 

(Stahlhut, Diploma work, 1994; plasmid n° 342) with EcoRI and HincII and inserted 

into the EcoRI/SmaI sites of pVL1392. 

 

4.2.4 The cloning of Myo 9b splice forms 

 

To construct the 6His-Myo9b/splice-form3–flag pVL1392 vector, the full length cDNA 

of rat Myo 9b splice form 3 encoding a hexa-histidine tag at the N-terminus and a flag 

epitope at the C-terminus was assembled in the pBSK vector and subcloned into the 

baculovirus transfer vector pVL 1392 using the Not I and Sma I sites. The plasmid 

pBSK 6his-myr5/splice form3-Flag was constructed by insertion of a 269 bp PCR 

Extension Insertion IQ Zn 2+ GAP 

 

6xHis tag 

100 aa 

 

Flag 
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product into the NarI/NaeI sites of plasmid pBSK 6hismyr5-Flag (see above; plasmid n° 

432). The PCR product was obtained using as template the Rat Brain Marathon-Ready 

cDNA (Clontech) and primer MB 437 and MB 438. The cDNA sequence encoding 

6His-myo9b/splice form3-Flag was excised from pBSK with NotI and EcorRV and 

inserted into the NotI and SmaI restriction sites of the pVL1392 vector. 

The construct 6His-Myo9b/splice-form7–flag pVL1392 vector was obtained using the 

same approach. The plasmid pBSK 6his-myr5/splice form7-Flag was constructed by 

replacing in plasmid pBSK 6hismyr5-Flag the NarI/NaeI fragment with a 284 bp PCR 

product (see above; plasmid n° 432) obtained using as template the Rat Brain Marathon-

Ready cDNA (Clontech) and the primers MB 437 and MB 438. The cDNA sequence 

encoding 6His-myo9b/splice form7-Flag was excised from pBSK with NotI and 

EcorRV and inserted into the NotI and SmaI restriction sites of the pVL1392 vector. 

 

4.3 Generation of recombinant Baculovirus 

 

4.3.1 Insect cell culture 

 

Insect cells were grown in tissue culture flasks (monolayer cultures) or in spinner flasks 

(suspension cultures) at 27°C. Sf 9 insect cells were grown in Grace’s Medium/10 % 

FCS. High five insect cells were grown in Invitrogen Medium (B 100-01) supplemented 

with 5% FCS. Monolayer cultures were passaged every 3-4 days at 1:8 dilution.  

Spinner cultures were started at an initial density of 2X102 cells/ml and incubated under 

constant stirring at 50-60 rpm. Routine maintenance of spinner cultures required 

subculturing of cells. When they reached a density of approximately 2X106 cells/ml 

(twice per week) the cells were collected and inoculated in a new flask. 
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4.3.2 Transfection of Sf9 insect cells 

 

To generate recombinant baculovirus, insect cells were cotransfected with transfer 

vector and Baculogold DNA. 2X106 cells/4 ml were seeded in 60 mm tissue culture 

plates. After cell attachment (about 15 min), the old medium was aspirated and replaced 

with 1 ml Transfection Buffer A (Pharmingen).  

0.5 µg BaculoGold DNA and 2-5 µg transfer vector DNA containing the insert of 

interest, were mixed in 1 ml Eppendorf tubes by gentle vortexing and placed on ice for 

5 min. 1 ml Transfection Buffer B was mixed with the DNA solution and it was added 

to the cells drop by drop. After the addition of 3-5 drops, the plate was gently agitated to 

get a rapid and complete mixing with the medium. During this procedure, a fine calcium 

phosphate/DNA precipitate was formed. The cells were incubated at 27°C for 4 h. The 

medium was removed and replaced by 4 ml fresh Insect Medium. The plate was then 

incubated at 27°C for 4-5 days in a humidified box. After 5 days, the cell culture 

supernatant called “P0” was collected in 1 ml aliquots and stored at -80°C or used for 

the end point dilution assay. 

 

Transfection Buffer A (Pharmingen): TNMFH Medium. 

Transfection Buffer B (Pharmingen): 25mM Hepes, pH 7.1, 125 mM CaCl2, 140 mM 

NaCl 

 

4.3.3 Isolation of recombinant virus  

 

The end point dilution assay was used to isolate recombinant virus. Sf9 insect cells were 

seeded in 96-well plates at 2X104 cells/100 µl per well. 50 µl differentially diluted (10-1-
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10-8) transfection supernatant (P0) was added to each well and the plate was incubated 

at 27°C for 7 days in a humidified box.  

After 7 days, the supernatant was placed in a new 96 well plate which was called 

“Masterplate” and stored at 4°C. The production of recombinant virus was detected by 

DNA-hybridisation using DIG-labelled DNA as a probe (as described in 4.3.6). 

Supernatant from the highest dilution still containing recombinant virus was used for a 

second end point dilution. Recombinant virus from wells inoculated with the highest 

dilution was chosen from this second end point dilution assay for further amplification.  

 

4.3.4 Amplification of recombinant virus 

 

The clonal virus population isolated by end point dilution was amplified to produce 

large volumes of high titer viral stock solutions. 

For the first round of amplification (P1), 2X105 insect cells in 5 ml Grace´s medium 

were plated in a T25 monolayer flask and 80 µl of isolated recombinant virus 

supernatant was added. After 3 days incubation at 27°C, the supernatant (P1) was 

harvested and stored in 1 ml aliquots: 3 aliquots were stored at -80°C, and 1 aliquot was 

used for the successive amplification to generate the P2 passage.  

To prepare the P2 amplified virus, 2X107 cells in 10 ml medium were plated in a T175 

cell culture flask and 1 ml P1 recombinant virus was added. After 1 h at 27°C, 20 ml 

medium were added. The cell culture flask was incubated at 27°C for 4-5 days before 

the P2 supernatant was harvested and stored in a sterile tube at 4°C in the dark. The 

viral titer of the P2 supernatant (see below) was determined by using the end point 

dilution assay.  

P2 supernatant was then used to produce P3 supernatant, which was employed for large 

scale protein production. 200 ml insect cells were grown in suspension culture to 1X106 
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cells/ml. Cells were collected by centrifugation and resuspended in 20 ml fresh medium 

in a 50 ml sterile tube. P2 stock solution was added with a multiplicity of infection 

(M.O.I.) between 0.1 and 1. After 1 h incubation time with gentle shaking at 27°C, the 

mixture was seeded in a 500 ml spinner flask and 180 ml medium were added. The cells 

were grown at 27°C under constant stirring at 50-60 rpm for 5-6 days before the cells 

were sedimented (1,000 rpm, 5 min) and the supernatant was collected. The virus titer 

was determined using the end point dilution assay (see below). 

The P3 supernatant containing the recombinant baculovirus particles was stored in the 

dark at 4°C for up to 6 months. 

 

4.3.5 Determination of the virus titer  

 

The end point dilution was set up in 4.3.3 to determine viral titers. The supernatants 

containing virus were diluted from 10-4 to 10-10. Viral titers were determined according 

to the equation of Reed and Muench (O’Reilly et al., 1993). 

 

4.3.6 Detection of recombinant baculovirus by DNA hybridisation 

 

DNA transfer to a nylon membrane 

Supernatants were removed from the 96 well plate and 200 µl 0.5M NaOH were added 

per well to lyse the cells. Following 15 min incubation at room temperature, 10 µl 6 

mg/ml proteinase K and 25 µl 8 M NH4Ac were added and the plate was incubated for 

30 min at 37°C. 

A positively charged nylon membrane (Roche) was rinsed briefly in 2XSSC and 

mounted on the Dot-Blot apparatus. The membrane was washed with 0.02 M NaOH/ 1 
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M NH4Ac before the lysed cells were transferred onto the membrane using a 12 canal 

pipette and vacuum suction. The membrane was rinsed with 2XSSC and left to dry on a 

filter paper. DNA was fixed on the membrane with UV-crosslinking. 

 

DIG-DNA labelling 

As DNA probes served a 3 kb SpeI/BamHI myo 9b fragment excised from pBSK6His-

myo9b-Flag and a 0,46 kb BamHI calmodulin fragment excised from the plasmid 

CaMpUC, respectively. They were labelled using the DIG-DNA labelling kit (Roche). 

Hybridisation and detection were performed according to the manual of the DIG-

labelling kit. 

 

4.4 Protein purification and analysis  

 

4.4.1 Standard protein analysis methods 

 

Protein concentrations were determined according to Bradford (1976) using BSA as a 

standard. Sodium dodecyl sulphate- polyacrylamide gel electrophoresis (SDS-PAGE) 

was performed according to Laemmli (1970), and immunoblotting according to Towbin 

et al. (1979). Signals in immunoblotting were detected by using either the ECL system 

(Amersham) or SuperSignal West Pico Chemiluminescent substrate reagent (Pierce).  

 

4.4.2 Cell infection and protein expression 

 

Sf9 insect cells were grown in suspension culture in 200 ml Grace’s medium/10 % Fetal 

Calf Serum to a concentration of 1X106 cells/ml. To express the complete myo9b, about 
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4x108 insect cells in 400 ml growth medium were co- infected with rat Myo 9b and 

calmodulin viruses at a multiplicity of infection (M.O.I.) of 10 and 20, respectively. To 

express myo 9b head, the cells were infected with myo 9b head virus with a M.O.I. of 

10. Prior to the infection, cells (4X 108) were harvested by centrifugation (5 min, 1,000 

rpm, 25°C) and the cell pellets were pooled and resuspended in the appropriate 

amplified viral stock solution. Viral infection was allowed to proceed for 2 h with gentle 

shaking (60 rpm, 27°C) before the mixture was poured into 50-mL sterile capped 

Falcon tubes. The cells were collected again by centrifugation at 1,000 rpm for 5 min. 

The supernatant was removed, and cell pellets were thoroughly, but gently resuspended 

in 400 ml fresh complete medium, which was distributed in 2 spinner flasks. Cells were 

harvested 72 h later by centrifugation at 1,000 rpm, washed 3 times with cold PBS and 

quickly processed for protein purification. 

 

4.4.3 Myo9b purification 

 

Sf9 cells infected with myo9b and calmodulin virus for 72 h were resuspended in 40 ml 

cold lysis buffer and lysed by sonication (3 times, 30 sec). The homogenate was 

clarified by centrifugation at 18,000 rpm (Sorvall SS34) for 30 min and the supernatant 

was re-centrifuged at 45,000 rpm (Ti 70, Beckman) for 45 min. The resulting 

supernatant was filtered through a 0.45 µm filter and applied to a HiTrap chelating 

column (Pharmacia Biotech) with a flow rate of 1 ml/min. HiTrap chelating columns 

were preloaded with 0.1 M nickel solution and pre-equilibrated in 10 ml lysis buffer 

supplemented with 10 mM imidazole. When the loading of the sample was completed, 

the HiTrap chelating column was washed with 15 ml lysis buffer supplemented with 10 

mM imidazole. Either an FPLC (Pharmacia and BioRad) or an ÄKTA system 
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(Pharmacia) were used. The HiTrap chelating column was developed with a linear 

imidazole gradient from 10 mM - 600 mM in 40 min with a flow rate of 1 ml/min. 

Rat Myo 9b eluted approximately at 100-200 mM imidazole. Fractions were analyzed 

by SDS-PAGE. The fractions containing rat Myo 9b were pooled and dialyzed for 2 

days with 2 buffer changes in dialysis buffer. All steps were performed at 0-5 °C. The 

purified rat Myo 9b was stored on ice and used within 2-3 days. The purity of rat 

myosin 9b and the stoichiometric ratios of rat myosin 9b to calmodulin were analyzed 

by densitometry of Coomassie-blue stained SDS gels using the LKB Ultrascan Laser 

densitometer. 

 

 

 

 

 

 

 

 

 

 

 

 

4.4.4 Myo 9b head expression and purification 

 

Sf9 insect cells (2X108 in 200 ml growth medium) were infected with myo 9b head 

virus (M.O.I. of 10) as described for myo 9b. Infected cells were harvested after 72 h, 

resuspended in lysis buffer and sonicated. Since myo 9b head protein appeared to be 

Lysis buffer: Dialysis buffer 

20 mM Tris/HCl pH 8  30 mM KCl 

200 mM NaCl 20 mM Hepes pH 7.4 

2 mM MgCl2 5 mM MgCl2 

1 mM β-mercaptoethanol 1 mM 2-mercaptoethanol 

10% glycerol 4 mM EGTA 

2 mM ATP  

0.1 mg/ml Pefabloc   

7.6 m/TIU Aprotinin  
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completely insoluble, different lysis buffers were utilized: lysis buffer A, lysis buffer B, 

20 mM Hepes pH 7.4 buffer and 100 mM Hepes pH 7.4 buffer. The lysates were 

centrifuged in a Sorvall SS34 rotor at 18,000 rpm for 30 min. Probes were taken from 

supernatants and from pellets which had been resuspended in the original volume of 

lysis buffer. For affinity purification the myo 9b head contained a Flag epitope at the C-

terminus. 1 ml anti-Flag M2 affinity resin was washed and equilibrated in lysis buffer. 

Clarified cell lysate was added to the resin and rotated for 1 h in a cold room. The resin 

was washed four times with lysis buffer and bound protein was eluted with 100 µg/ml 

Flag peptide in 1 ml lysis buffer for 1 hour and over night. All steps were performed at 

0-5 °C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lysis buffer A: Lysis buffer B 

20 mM Tris/HCl pH 8  20 mM Pipes pH 6.8 

200 mM NaCl 200 mM NaCl  

2 mM MgCl2 2 mM MgCl2 

1 mM β-mercaptoethanol 1 mM β-mercaptoethanol 

10% glycerol 10% glycerol 

2 mM ATP 2 mM ATP 

0.5 M EGTA 0.5 M EGTA 

0.1 mg/ml Pefabloc  0.1 mg/ml Pefabloc  

7.6 m/TIU Aprotinin 7.6 m/TIU Aprotinin 
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4.5 ATPase assay 

 

ATPase assays were essentially performed as described (Stöffler and Bähler, 1997). The 

actin-activated Mg-ATPase activities were determined in solutions containing 20 mM 

Hepes pH 7.4, 2.5 mM MgCl2, 1.25 mM EGTA, 23 mM KCl and 1 mM β-

mercaptoethanol.  

Free Ca2+-concentrations were adjusted according to the calculations with the program 

Calcium V2.1 using an EGTA/Ca2+ buffer system. The concentration of EGTA in the 

assay was 1.25 mM. The myo 9b concentration used in ATPase assays varied between 

0.1 µM and 0.5 µM. K/EDTA-ATPase activity was measured in K/EDTA buffer. 

Assays were started by the addition of 2 mM ATP and incubated at 37 °C for 20-90 

min. The ATPase activity was also measured in the presence of an ATP regeneration 

system consisting of 20 units/ml pyruvate kinase and 3 mM phosphoenolpyruvate. After 

mixing of the components and initiating the reaction with the addition of [γ-32P] ATP, 

tubes were incubated at 37 °C for 20-90 min. The reaction was stopped by addition of 7 

volumes of trichloroacetic acid/charcoal (7,5%/8%). The suspension was incubated for 

30 min on ice, then centrifuged and the radioactivity in the supernatants was determined 

by Cerenkov counting. All activities were determined in triplicates. Samples lacking 

either myo 9b or actin served as controls. The ATPase activity of F-actin alone was 

measured at each concentration under the same reaction conditions and its contribution 

was subtracted from the corresponding values determined in the presence of myo 9b. 

The liberated pyruvate was quantified as described by Reynard et al. (1995). Vmax and 

Km values were determined by fitting the data to the Michaelis-Menten equation with 

the program SigmaPlot and Kaleidograph.  
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4.6 Actin binding assay 

 

Actin was purified from rabbit skeletal muscle acetone powder according to Pardee and 

Spudich (1982) and stored as G-actin in liquid nitrogen. 

Purified G-actin was polymerized over night in actin buffer. F-actin co-sedimentation 

assays were carried out in a final volume of 100 µl using 10 µM actin and 10 µM 

exogenous calmodulin. Optional ingredients were 2 mM ATP and 10 mM EDTA. A 

typical pipetting scheme is shown in Table 1. 

 

Sample Myo 9b 
0.1M 
ATP 

135 µM 
F-actin 

0.5 M 
EDTA 

137 µM 
Calmodulin 

Actin 
buffer  

Dialysis 
buffer 

               
1 80 µl   7.4 µl   6.4 µl   6.2 µl 
2 80 µl 2 µl 7.4 µl   6.4 µl   4.2 µl 
3 80 µl   7.4 µl 2 µl 6.4 µl   4.2 µl 
4 80 µl 2 µl    6.4 µl 7.4 µl  6.2 µl 
5 80 µl     6.4 µl 7.4 µl  4.2 µl 
6 80 µl 2 µl  2 µl 6.4 µl 7.4 µl  4.2 µl 

 

Table 1: Pipetting scheme of a typical actin binding assay. 

 

Camodulin was dissolved in 5 mM Hepes pH 7.4 buffer, whereas ATP was dissolved in 

actin buffer and the pH was adjusted to 7.4 with KOH. 

K/EDTA-buffer 

500 mM KCl 

20 mM Hepes pH 7.4 

10 mM EDTA 

1 mM β-mercaptoethanol 



Methods 60 

Purified rat Myo 9b was added to the assay mixture and samples were incubated on ice 

for 15 min. Supernatants and pellets were obtained after centrifugation in a Beckmann 

TLA 100 rotor at 75,000 rpm for 15 min. Pellets were resuspended in 100 µl dialysis 

buffer and prepared for SDS-PAGE. Equivalent amounts of supernatants and pellets 

were analyzed by 7, 5%-15% SDS-PAGE and immunoblotting. 

 

Actin buffer 

30 mM KCl 

20 mM Hepes pH 7.4 

2 mM MgCl2 

1 mM β-mercaptoethanol 

2 mM NaN3 

 


